Effective atrial mechanical contraction may be absent or weak for days or weeks after restoration of sinus rhythm by cardioversion of atrial fibrillation. This was noted with invasive techniques analysing pressure tracings from the right and left atria' and with non-invasive techniques such as apexcardiography and recording of jugular venous pulses.2 More recent studies using M mode and cross sectional echocardiographic techniques3-5 and the pulsed wave Doppler technique have concentrated either on the left heart" or the right heart.9
Results-Before conversion there was no identifiable A wave in transvalvar flow recordings. The total motion of the tricuspid and mitral annulus was subnormal and there was no identifiable atrial component. Venous flow patterns in general showed a low systolic velocity. After conversion, A waves and atrial components were seen in all patients and increased significantly (P < 0.01) with time. There was a similar time course for the amplitude of annulus atrial components, an increased systolic component of venous inflow, an increased A wave velocity, and a decreased E/A ratio of the transvalvar velocity curves. The ventricular component of annulus motion was unchanged. Changes in general occurred earlier on the right side than the left. Conclusions-This study indicates Effective atrial mechanical contraction may be absent or weak for days or weeks after restoration of sinus rhythm by cardioversion of atrial fibrillation. This was noted with invasive techniques analysing pressure tracings from the right and left atria' and with non-invasive techniques such as apexcardiography and recording of jugular venous pulses.2 More recent studies using M mode and cross sectional echocardiographic techniques3-5 and the pulsed wave Doppler technique have concentrated either on the left heart" or the right heart. 9 The results from comparisons of time course of recovery of left and right atrial function are conflicting, some indicating that right atrial function generally recovers faster than left atrial function,1 2 while another study showed no difference.10 A recent study indicates that time of recovery for left atrial function is related to duration of atrial fibrillation before cardioversion."
At the time of the above Doppler-echocardiographic studies the pathophysiological background of changes in the mitral inflow curve was not fully understood; an increased A wave velocity and a decreased E/A ratio of the mitral inflow cu-ivere interpreted as signs of increased atrial 'ivi-ty. We now know that factors determining the mitral inflow curve are more complex and reflect ventricular as well as atrial properties, in addition to effects of impedance of the mitral ostium.'2-14 A decreasing E/A ratio may be interpreted as a sign of improved atrial function but also of a relaxation abnormality of the ventricle. After cardioversion of atrial fibrillation, diastolic ventricular function may hypothetically be impaired with increased filling pressures. This would give a pseudonormal mitral inflow curve. With time, the filling pressure may become normal. If a relaxation abnormality of the ventricle then exists, the pseudonormal pattern would change to a pattern of relaxation abnormality-that is, the A wave velocity would increase and the E/A ratio decrease. The earlier reported pattern"9 may thus be explained by changes in ventricular properties in addition to or instead of Atmial and ventricular function after cardioversion of atrialfibrillation changes in atrial properties. The different time course between the right and left heart can hypothetically be explained in this way also.
Further light can be shed on this problem if atrioventricular inflow velocity, venous filling patterns, and atrioventricular annulus motion are recorded and interpreted together. To our knowledge, this approach has not been applied earlier in this context. The aim of our study was therefore to establish whether there is a difference between the right and left heart when Doppler-echocardiographic methods are used and also to distinguish the atrial and ventricular contribution to these changes.
Patients and methods

PATIENTS
We included 16 patients under 70 (11 men, five women; mean age 63 years, range 47 to 68) who were undergoing electric cardioversion for atrial fibrillation and who maintained sinus rhythm for at least 24 hours. The underlying cardiovascular or systemic disorders predisposing to atrial fibrillation were ischaemic heart disease in two patients, thyrotoxicosis in two, hypertension in two, alcoholism in one, and lone atrial fibrillation in nine. None of the patients had more than mild mitral regurgitation. Three patients were classed as being in New York Heart Association functional class I; nine were in class II and four in class III. The mean duration of atrial fibrillation was from 41 (5) mm 24 hours after the procedure to 37 (4) mm one month afterwards. Before conversion there was no identifiable A wave in the transtricuspid and transmitral flow recordings. Twenty four hours after conversion, atrial filling waves were seen in all patients and increased significantly from this occasion until the one month and late controls (Table) . The transmitral E/A velocity ratio was above 1 at the 24 hour control and decreased significantly until both the one month and late controls (fig 2) . Before conversion the total motion of the tricuspid and mitral annulus were significantly lower than that seen in normal subjects of similar age (P < 0.001) and there was no identifiable atrial contribution. After conversion there was a significant increase in motion of both the tricuspid and mitral annulus. In both annuli to diastolic velocity ratio of the flow in the superior vena cava had increased significantly and did not increase further (fig 8) . Thus there was a different time course for venous return to the right and left heart, the changes on the right side showing earlier.
There were no appreciable flow reversals at the end of diastole before conversion. All recordings in pulmonary vein and superior vena cava showed identifiable reverses in the atrial component 24 hours after cardioversion.
Discussion
Our data contribute to the understanding of haemodynamic adaptation after conversion of atrial fibrillation to sinus rhythm by combining the information contained in venous inflow patterns, transvalvar flow velocities, and annulus motion and by recording the dif- and annular motion,'146 as we have done in this study. Annular motion and its relation to venous flow has been studied in normal subjects and patients. '5 16 Normal values for tricuspid motion and its relation to central venous flow were reported by Hammarstr6m et al. 15 A decreased mitral annulus motion is associated with left ventricular dysfunction and accompanied by an altered pulmonary venous inflow pattern. 16 Decreased tricuspid annulus motion and lack of systolic component in the central venous flow was reported after cardiac surgery.'7 Ochi et al investigated tricuspid annulus motion and systolic venous return after cardioversion of atrial fibrillation and noticed increases in systolic forward flow in the superior caval vein and the ratio of late diastolic to total excursion of the tricuspid annulus. They concluded that atrial relaxation rather than systolic descent of the tricuspid annulus was the predominant factor determining systolic forward flow in the superior vena cava.
We found an increased atrial contribution of annulus motion with time after cardioversion of atrial fibrillation. The time course differed, with an earlier increase in the atrial contribution of the tricuspid annulus motion than that of the mitral annulus; the ventricular portion was unchanged for both. We have interpreted this as a sign of atrial recovery. We found a similar time course to that of annular motion for the increase in transvalvar A wave velocity, decrease in E/A ratio, and increase in systolic contribution of venous filling. Atrial During atrial fibrillation pulmonary venous systolic fraction was below 04 in all patients. One day after cardioversion it was still below 04 in almost half of them. It has recently been shown in other patient groups that a ratio below 04 is highly indicative of an increased left ventricular filling pressure.22 A diastolic relaxation abnormality of the ventricle in combination with increased left atrial pressure gives a "pseudonormal" (E > A) transmitral flow velocity. The pattern found 24 hours after cardioversion with an E/A ratio > 1 changing to one with E/A ratio < 1 at the later controls may thus be a pseudonormal pattern (increased left atrial pressure) changing to one of a relaxation abnormality (normal left atrial pressure). The time course of E/A ratio after cardioversion may thus be influenced by changes in left ventricular properties in addition to changes in atrial mechanical activity. This is also in line with recent animal studies showing markedly increased left ventricular filling pressures in combination with signs of delayed diastolic relaxation after direct current counter shock.23
DIFFERENT TIME COURSE FOR CHANGES IN LEFT AND RIGHT HEART Changes after cardioversion were qualitatively similar for the left and right heart, but the time course was different. Thus, changes on the right side-that is, amplitude of the atrial component of tricuspid annulus motion-and the ratio of systolic venous velocity to diastolic venous velocity all improved earlier than corresponding signs on the left side (figs 3 and 7, table). The results agree with those from studies performed separately on the left3 7 8 or right heart,9 or on both sides with similar techniques,24 or with invasive' or pulse recording techniques,2 but they are at variance with recent results.'0 The delay on the left side has been attributed to the causes of diseases such as chronic rheumatic disease that affect the left side,' 2 but it also varies with duration of atrial fibrillation before cardioversion."I Gelder et al found that the decrease in atrial size after cardioversion varied.24 Our data do not allow any further conclusions about the cause of the different time course. One point of interest, however, is that during atrial fibrillation pulmonary venous flow never showed a dominating systolic wave, while for the right heart the systolic wave dominated in five of the 16 patients. The tricuspid annulus is normally displaced more than the mitral annulus during systole,'5 and this was also true for our patients during atrial fibrillation. The suction effect of the systolic descent of the tricuspid annulus is thus likely to be larger than that of the mitral annulus, causing a more pronounced systolic emptying of the superior caval vein than of the pulmonary veins.
LIMITATIONS OF STUDY
The number of patients is rather small but the findings are consistent. Inclusion of more patients would not change the answers to the questions addressed here. It would have been a great advantage to have pressure monitoring of the patients during the early period after cardioversion in order to separate changes in atrial and ventricular properties. This was, however, deemed unethical to do.
CONCLUSION
The present study provides data that improve the understanding of haemodynamic changes after cardioversion of atrial fibrillation. The change in transmitral flow pattern seen after successful cardioversion seems to be mainly caused by atrial electromechanical dissociation, but changes in ventricular filling pressure may modulate the observed patterns.
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